Heat shock proteins are a family of genes classically used to measure levels of organism stress. We have previously identified two HSP70 genes (HSP70A and HSP70B) in subtidal populations of the Antarctic limpet (Nacella concinna). These genes are up regulated in response to increased seawater temperatures of 15ºC or more during acute heat shock experiments, temperatures, which have very little basis when considering the current Antarctic ecology of these animals. Therefore the question was posed as to whether these animals could express HSP70 genes when subjected to more complex environmental conditions, such as those that occur in the intertidal.
Introduction
To successfully colonise and reproduce in a particular environment, any organism has to be responsive to, and able to adapt to, changes in their physical surroundings. This is particularly crucial for marine intertidal invertebrates as they regularly experience conditions that for most species would constitute acute, and potentially lethal, stress (for Antarctic intertidal stresses see Waller et al 2006) . As part of their daily routine, they have to cope with periodic tidal emersion and the consequential changes in temperature, desiccation, humidity and ultraviolet irradiation. How animals cope with regular acute stresses has always been of interest to biologists. In particular thermal biologists/ecologists are interested in how tolerance of temperature varies between species and the effect this has on setting species range boundaries and how species distribution patterns might be affected by climate change (Reviewed in Somero 2002 and Hofmann 2005) .
A key tool in the investigation of stress tolerance has been the characterisation and monitoring of heat shock proteins. These are a family of highly conserved proteins, which act as chaperones to stabilise and refold denatured proteins, preventing the formation of cytotoxic aggregates (Parsell & Lindquist 1993 , Hartl 1996 , Fink 1999 , Gross 2004 . Numerous families of heat shock proteins have been identified, the naming of which is related to their weight in kiloDaltons. One such is the HSP70 (heat shock protein 70) family, which although up-regulated under different stress conditions is classically associated with transcriptional up regulation in response to elevated environmental temperatures in most organisms studied to date.
The induction and expression of these HSP70 genes is highly plastic. Levels of induction are influenced by thermal history such as seasonal temperature cycling, vertical zonation and biogeography (reviewed in Somero 2002; Hofmann 2005) . Certainly prior exposure to slightly elevated temperatures (such as summer verses winter water temperatures) increases the temperature at which the HSP70 genes are induced (Buckley et al 2001 , Tomanek 2002 . Also the height of the vertical zonation of animals in the intertidal region does influence their heat shock thresholds (Halpin et al 2002 , Stillman 2002 , Tomanek 2002 . The animals in the studies described above are eurythermal. However this work has lead to great interest in the response of Antarctic marine organisms, which are highly stenothermal (Somero & DeVries 1967 , Peck & Conway 2000 , Peck 2002 ) and lose critical biological functions with temperature elevations of only 1-2°C above current summer maximum seawater temperatures (0-1.8°C) (Peck et al 2004) .
The first studies of heat shock responses in Antarctic marine ectotherms showed that both microorganisms and fish did not increase HSP70 expression when warmed (Carratù et al 1998 , Hofmann et al 2000 . However, recent data (Clark et al, in press) on the heat shock response of Antarctic marine molluscs has shown that the classical heat shock response is initiated in the Antarctic limpet (Nacella concinna) at 15ºC and the Antarctic clam (Laternula elliptica) at 8ºC. Given that these are temperatures in excess of that which is currently experienced by these animals (Waller et al 2006) , the obvious question to ask is whether these animals express HSP70 when subjected to longer, lower levels of elevated temperatures in the natural environment or in response to multiple environmental insults? i.e. is there an environmental context to this response? N. concinna is an ideal candidate species with which to pose these questions.
It is a common Antarctic intertidal species and therefore regularly experiences periods of acute stress when it is uncovered at low tide. Intertidal limpets were collected on both sunny and cloudy days during the austral summer at South Cove, Rothera Point from the high water level over a complete tidal cycle. For comparative seasonal data, samples were also collected from the same site at the end of spring. The temperatures of the air, water, limpet foot and shell were logged and muscle tissue assayed for the expression of previously characterized inducible HSP70 genes. The objective of this study was to take HSP70 genes, which are known to be up regulated in response to temperature with a 15°C threshold temperature in laboratory experiments and identify their threshold limits in the field. Each sample batch consisted of 5 animals. Control samples were collected using SCUBA from subtidal populations (6M depth). Experimental (intertidal) samples were collected from the mean mid-tide water level over a complete tidal cycle, and so subsequent batches experienced progressively longer exposure to air temperatures (5 collections were made for the sunny day, whilst 6 collections were made for each of the cloudy and spring days). Hence batch one were just exposed to air, batch two had one hours exposure and subsequent batches at hourly intervals until they were re-immersed (see Supplemental Tables 2-4 randomisations were used in the test (Pfaffl 2001 , Pfaffl et al 2002 . These results were then followed by further statistical analysis (MINITAB v 14)
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using a 2-way ANOVA to test for the significance of an effect of either gene or batch number. Overall results for each primer pair under each sampling regime were subjected to a 2-sample t-test to assign significance of results from random variation.
Results
Both heat shock protein genes (HSP70A and HSP70B) were induced under all intertidal conditions surveyed. A two way ANOVA of the 3 combined datasets
showed an effect of batch number (at the 10% level) (F 4,4 = 2.48, p=0.77), but no effect of gene (F 1,4 = 1.54, p = 0.229). Analysing the datasets individually using a 2 way ANOVA showed no effect of either gene or batch number for the sunny day samples ( for HSP70B, with the highest relative expression levels for HSP70A being more apparent at the early tidal cycle batches where the animals are just becoming uncovered.
The average foot temperature of the sunny day animals was 3.3°C with an SD of 1.07 and a range of 4.6 (data from Supplemental Table 2 ). The average foot temperature of the animals on a cloudy day was 3.8°C with an SD of 1.26 and a range of 5.5 (data from Supplemental Table3). The spring samples, whilst overall having a lower mean foot temperature of 2.1°C, showed a much wider temperature range of 9.4°C, which is reflected in the higher SD of 2.0 when compared to the other two samplings (data from Supplemental Table 4 ). In this sampling set, it was noted that some of the animals that were taken were in the sun and therefore were exposed to higher levels of solar radiation. For decades it was considered that the Antarctic intertidal zone did not have permanent residents and species e.g. N. concinna were merely transient.
Discussion
Recent intensive sampling has shown that in fact many diverse species occur there and that some, again such as N. concinna, survive below the icefoot covering the intertidal in winter (Waller et al 2006) . Although the long term monitoring of air temperatures at Rothera shows variation between +5°C and -25°C, and seawater at 15m depth ranging from +1.8°C to -1.8°C ( Figure 4A and B), microhabitat temperatures e.g. rock surfaces can differ considerably from this and the animals will be affected by zonation ( figure 4C ). Few marine invertebrates are capable of colonising the high intertidal zone and surviving there (Waller et al 2006) , so N. concinna probably experiences amongst the widest temperature ranges of any marine Antarctic endemic species (Barnes et al 2006) . This is true for both subtidal and intertidal N. concinna due to its wide geographic and tidal range (Barnes et al 2006) . Therefore despite being an Antarctic endemic, the model organism we studied is in some ways extreme.
We have now shown that two very distantly related Antarctic molluscs (N. 
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